Introduction
The number of people diagnosed worldwide with cancer has been estimated to be as high as 10 million, with another 25 million having survived cancer. 1 In Colombia, the National Cancer Institute reported that malignant tumours are the third biggest cause of mortality, increasing their mortality burden from 6 [ 5 _ T D $ D I F F ] to 15% in the six decades before 2002. 2 This increase in cancer diagnoses is an important public health problem, with the number of new cases diagnosed in 2020 expected to be approximately 1.7 million. 3 Cancer-related fatigue is a common problem for people with cancer. Approximately 80 to 100% of people with cancer report that they experience cancer-related fatigue. 4 Furthermore, many people continue to experience fatigue for months or years after successful treatment. 4 Several concepts of cancer-related fatigue have been published in the biomedical literature. Stone and colleagues found that 75% of [ 6 _ T D $ D I F F ] people with various solid tumours (among whom 48 out of 95 had metastatic disease) had a significantly increased cancer-related fatigue score compared with a matched control population. 4 The Colombian National Cancer Institute 2 and the National Comprehensive Cancer Network 5 define cancer-related fatigue as 'a distressing, persistent, subjective sense of physical, emotional and/or cognitive tiredness or exhaustion related to cancer or cancer treatment that is not proportional to recent activity and interferes with usual functioning'. Cancer-related fatigue also has a severe impact on daily activities, social relationships, reintegration and overall quality of life. 6 Some evidence suggests that cancer-related fatigue may be a predictor of survival for people with cancer. 7 Physical activity has been proposed as an effective nonpharmacologic intervention to promote psychological wellbeing during and following cancer treatment. 8 A growing body of evidence indicates that physical activity improves muscle strength and body composition in people with cancer. 9, 10 Recent systematic reviews examining the effect of physical activity on psychological and functional outcomes have tended to study particular types of cancer instead of all cancer types, with lung and breast cancer being the most widely studied. [11] [12] [13] A recent Cochrane systematic review 14 about exercise and cancer-related fatigue concluded that aerobic exercise reduces cancer-related fatigue and encouraged further research of other exercise modalities; however, this review only included data published before March 2011 and did not examine supervised physical activity interventions in isolation from unsupervised interventions. Supervision plays an important role in the effects of exercise interventions in chronically ill people. 15, 16 This value of supervision has been attributed to improvements in adherence and intensity, 17 perhaps because of greater encouragement or confidence to work when the help of a health professional is at hand. A supervising health professional may also help to individualise the exercise regimen to the specific condition of the person, such as the complex sequelae of cancer and its treatment. 17 
Assessment of the characteristics of the studies

Quality
The methodological quality of the studies including their risk of bias was assessed using the Physiotherapy Evidence Database (PEDro) scale. 26 The PEDro scale rates the methodological quality of randomised trials out of 10. A trained assessor determined the score for each included study (JFM-E). Scores were based on all information available from both the published version and from communication with the authors. A score of 5 out of 10 was set as the minimum score for inclusion in the review.
Participants
This systematic review included studies involving people diagnosed with any type of cancer, without restriction to a particular stage of diagnosis or treatment. Participants may have received active treatment regardless of therapeutic approach (eg, chemotherapy, radiotherapy).
Intervention
The experimental intervention was supervised physical activity.
Physical activity was considered as any body movement causing an increase in energy expenditure, and involving a planned or structured movement of the body performed in a systematic manner in terms of frequency, intensity, and duration and is designed to maintain or enhance health-related outcomes. 27 
such as aerobic, resistance and/or stretching training were included. All interventions had to be supervised by health professionals; therefore, home-based physical activity, telephone monitoring and cognitive approaches were excluded from the analysis. Yoga and Tai Chi interventions were not included due to excessive variation in their mode, frequency, duration and intensity.
Subgroup analysis was performed to explore the specific effect of supervised physical activity modalities (ie, aerobic, resistance and stretching training). The pooled statistical analysis and effect size was calculated for each physical activity training modality.
Outcome measures
The primary outcome measure was cancer-related fatigue measured using the Functional Assessment of Cancer Therapy (FACT)-Fatigue Scale, European 
Data analysis
Relevant data were extracted independently from the eligible trials by two reviewers (JFM-E and RR-V) using a standard form, and the third author (EG-J) arbitrated in cases of disagreement. The reviewers extracted information about the methods (ie, design, participants and intervention) and the outcome data for the experimental and control groups. A random-effects model was used when there was substantial heterogeneity (I 2 > 50%).
Continuous outcomes were reported as standardised mean
Design
Randomised controlled trial Participants
Patients with any type of cancer, without restriction to a particular stage of diagnosis or treatment Intervention Supervised physical activity interventions (aerobic, resistance or stretching)
Outcome measures
Cancer-related fatigue (primary outcome) Physical wellbeing Functional wellbeing Comparisons Supervised physical activity versus conventional care differences (SMD) with 95% CI, with statistical significance set at a p-value < 0.05.
Results
Flow of trials through the review
Eleven randomised controlled trials involving 1530 participants were included ( Figure 1) . [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] The majority of studies were conducted in Canada (n = 4, 36%), Australia (n = 2, 18%) and UK (n = 2, 18%).
Characteristics of the included studies
Quality
The assessment of risk of bias showed a mean PEDro score of 6.5 (SD 1.1), indicating consistent methodological quality and a low risk of most biases except blinding (Table 1) .
Participants
The mean age of participants in the included studies ranged from 47 to 66 years. Most participants were female (n = 1192, 78%). All participants were receiving treatment at the time of the study interventions and the most frequent treatment procedure was chemotherapy (n = 1028). The average time since cancer diagnosis was 8 months (SD 11). Breast cancer was the most investigated cancer type (six trials, 55%), 29, 30, [34] [35] [36] [37] followed by prostate cancer (two trials, 18%), 33, 38 and lymphoma (one trial, 9%). 31 Two trials (18%) included diverse types of cancer.
28,32
Interventions The interventions had a mean duration of 17 weeks (SD 12) with an average of three sessions (SD 1) per week. The mean session duration was 45 minutes (SD 29). The interventions included aerobic exercise (ie, walking and stationary cycling) in all trials, resistance training in six trials (55%) and stretching/ flexibility exercises in four trials (36%). Training intensity varied considerably among studies, ranging from 50 to 90% maximum heart rate. All studies reported pre-exercise screening before highintensity physical training. Table 2 summarises the characteristics of the included studies.
Outcome measures
The primary outcome -cancer-related fatigue -was measured using the FACT-Fatigue Scale in 55% of the included trials, the EORTC QLQ-C30 in 36% of trials, the PFS in 9% and the SCFS in 9%.
Effect of intervention
Primary outcome
Data from all of the included trials were used in the metaanalysis of the primary outcome. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] The pooled SMD was -1.69
(95% CI -2.99 to -0.39), indicating a moderate reduction in fatigue from supervised physical activity ( Figure 2 , see Figure 3 on the eAddenda for a detailed forest plot). Due to considerable statistical heterogeneity [
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Trials included in systematic review (n = 11) Trials included in meta-analysis (n = 11) Figure 1 . Flow of studies through the review. 
Research
Outcomes beyond the intervention period At the 6-month follow-up, Courneya et al 31 reported that the favourable effect of aerobic exercise training on physical functioning was no longer statistically significant (mean difference 5.5 points, 95% CI -1.5 to 12.4). Similarly, overall quality of life (including fatigue) was no longer statistically significant (mean difference 7.6 points, 95% CI -0.1 to 15.4); however, regular exercise was significantly more common among the experimental group (p = 0.017). Conversely, Mutrie et al 35 stated that most [ 2 1 _ T D $ D I F F ] of the benefits of exercise observed at 12 weeks continued to the 6-month follow-up. In addition, a beneficial effect of exercise on the primary outcome of breast-cancer-specific quality of life was observed, even though it had not been significant at the end of the intervention.
Subgroup analyses
Aerobic Aerobic exercise was the only component of the physical activity intervention in five trials. [30] [31] [32] 36, 37 The effect of supervised aerobic exercise on cancer-related fatigue was non-significant (SMD = -2.99, 95% CI -6.49 to 0.51) with considerable statistical heterogeneity (p < 0.001, I 2 = 100%) ( Figure 4 , see Figure 5 on the eAddenda for a detailed forest plot).
Resistance
Only one trial had a group that undertook supervised resistance training only. 38 The authors analysed the effect of supervised resistance exercise on cancer-related fatigue using a mixed-model repeated measures analysis, which showed a benefit of 4.8 points on the FACT-Fatigue, which was statistically significant (95% CI 1.9 to 7.7).
Aerobic and resistance
The physical activity intervention involved both aerobic and resistance training in two studies. 29, 35 The effect of supervised aerobic and resistance exercise on cancer-related fatigue was statistically significant (SMD = -0.41, 95% CI -0.70 to -0.13) with no statistical heterogeneity (p = 0.47, I 2 = 0%) ( Figure 6 , see Figure 7 on the eAddenda for a detailed forest plot).
Aerobic, resistance and stretching
The physical activity intervention involved aerobic and resistance training and stretching in four studies. 28, 33, 34, 38 This supervised exercise regimen reduced cancer-related fatigue significantly (SMD = -0.67, 95% CI -1.17 to -0.17) with considerable statistical heterogeneity (p = 0.001, I 2 = 81%) ( Figure 8 , see Figure 9 on the eAddenda for a detailed forest plot).
Discussion
The present review identified a substantial amount of information about the effects of supervised exercise on cancerrelated fatigue. These data were from trials that were rated above average on the PEDro Scale for trials in physiotherapy. 39 These ratings were evaluated by one author, but they can be confirmed against the ratings on the PEDro website; therefore, there is confidence in the quality of the trials and in the included data.
The overall meta-analysis showed that supervised physical activity has a favourable effect on cancer-related fatigue when compared with conventional care. The final analysis of the results revealed that supervised physical activity interventions are effective in the management of cancer-related fatigue for all types of cancer (SMD = -1.69, 95% CI -2.99 to -0.39). The considerable statistical heterogeneity in this meta-analysis (Figure 2 ) is due to the outlying result of Saarto et al. 36 This trial had the largest sample size (n = 500) and the longest intervention program (48 weeks physical activity, with or without supervision, was positively associated with body composition, physical functioning and psychological outcomes, including fatigue. Nevertheless, there still is insufficient information available to define the physiological mechanism for any potential benefit of exercise in reducing fatigue during cancer therapy or decreasing cancer risk. [43] [44] [45] [46] [47] [48] In contrast to other systematic reviews in this area, the trials included in the present review all analysed participants during an active treatment stage -the most frequent treatment was chemotherapy (n = 1028). Oechsle et al, 49 in a recent prospective randomised pilot trial, found that supervised exercise improved fatigue among 48 participants receiving myeloablative chemotherapy. The exercise was ergometer training and strength exercises for 20 minutes each, five times a week during hospitalisation for chemotherapy. This trial is consistent with the finding of the present systematic review: that supervised physical activity improves fatigue during cancer treatment, especially in people receiving chemotherapy; however, further trials are warranted to strengthen this evidence.
Our subgroup analysis showed that supervised aerobic exercise did not provide significant benefits to cancer-related fatigue (SMD = -2.99, 95% CI -6.49 to 0.51). This finding is inconsistent
[ ( F i g u r e _ 2 ) T D $ F I G ]
Study Adamsen 28 Campbell 29 Courneya 30 Courneya 31 Dimeo 32 Galvão 33 Milne 34 Mutrie 35 Saarto 36 Segal 37 Segal 38 Pooled SMD (95% CI) Random 
[ ( F i g u r e _ 4 ) T D $ F I G ]
Study
Courneya 30 Courneya 31 Dimeo 32 Saarto 36 Segal 37 Pooled SMD (95% CI) Random [ ( F i g u r e _ 8 ) T D $ F I G ] Study Adamsen 28 Galvão 33 Milne 34 Segal 38 Pooled SMD (95% CI) Random with recent evidence suggesting that physical activity reduces fatigue in breast cancer survivors, 50 although that study analysed data from unsupervised interventions. Interestingly, [ 2 3 _ T D $ D I F F ] our subgroup analysis revealed that combined aerobic and resistance training leads to a significant reduction in fatigue in cancer survivors (SMD = -0.41, 95% CI -0.70 to -0.13). Only one study examined the effects of resistance training alone, although this was also beneficial. 38 The effects of resistance exercise have not been addressed by the American Cancer Society 3 but have been examined recently in people undergoing cancer treatment. 51 However, the present review indicates that more evidence about resistance training alone would be helpful in advising people with cancer who are undergoing cancer therapy whether this type of training is helpful in isolation. To understand the possible mechanisms, more information is required regarding the effects of initial chemotherapy and radiation therapy on muscle satellite (progenitor) cells that are activated to proliferate in response to resistance exercise. 9, 51 A further and interesting finding of the present review was the positive effect of combined aerobic, resistance and stretching exercise with supervision for reducing fatigue in people who have been diagnosed with cancer. The stretching training consisted of slow muscle movements that had neither aerobic nor muscle resistance components.
It is not clear whether previously sedentary people can or will adhere to an exercise program, and, if they cannot, whether the amount of exercise they do engage in will still be of benefit in terms of symptom relief (ie, anxiety, depression, lack of sleep, mood change) and reduction of the risk of adverse events. 52 The present review had some limitations. Publication bias may have been present, but it was not possible to test for it due to the small number of included studies. [ 2 4 _ T D $ D I F F ] Also, heterogeneity was present in most of the meta-analyses. This may be due to the range of sample sizes, the diverse exercise regimens (in terms of length, duration and intensity) evaluated, and the wide variety in outcome measurement tools used in the included studies.
While further research is necessary in order to determine the optimal exercise program for people with cancer, the results of the present review indicate that physiotherapists should conduct careful pre-screening and prescribe appropriate physical activity programs, adjusting for each person[ 2 5 _ T D $ D I F F ] 's specific variables, such as physiological responses and physical disturbances related to the cancer and its treatment. The findings of the present systematic review reinforce the value of physiotherapy supervision in clinical practice for people with cancer and reinforce the concept that physical activity reduces cancer-related fatigue in this population.
What is already known on this topic: Supervised physical activity improves muscle mass, muscle function and quality of life among people who have been diagnosed with cancer. The optimal exercise program for adults who have been diagnosed with cancer has not yet been established. What this study adds: In general, supervised physical activity reduces fatigue among people who have been diagnosed with cancer. Specifically, combined aerobic and resistance training with or without stretching are effective exercise regimens for reducing cancer-related fatigue. Supervised resistance exercise alone appears to be beneficial, based on one study. Current evidence does not make it clear whether supervised aerobic exercise alone or supervised stretching alone are beneficial in this population. 
